Evaluation Method for Heating Energy Consumption of Rural Buildings in Cold Zone  by Wang, Haiyan Wan et al.
 Procedia Engineering  146 ( 2016 )  53 – 59 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CCHVAC 2015
doi: 10.1016/j.proeng.2016.06.352 
ScienceDirect
8th International Cold Climate HVAC 2015 Conference, CCHVAC 2015 
Evaluation Method for Heating Energy Consumption of Rural Buildings in Cold 
Zone 
Haiyan Wan Wanga , Yanling Wan Wanga , and Fang Wanga,* 
aSchool of Municipal &Environmental Engineering, Harbin Institute of Technology , Harbin , China 
 
Abstract 
Evaluation of heating energy consumption plays an important part for promoting rural building energy efficiency. Key 
Evaluation factors were selected and grouped from diversified factors that can affect heating energy consumption of rura l 
buildings in cold zone by using variance analysis method according to the statistical strength of association. Two-stage 
evaluation index system for heating energy consumption was established , and the weight coefficients of each stage’s evaluation 
indicators were determined by constructing an improved evaluation and comparison matrix ,which was based on comparisons of 
the strength value of association between indicators.  The improved method is much superior to traditional analytic hierarchy 
process(AHP) which is subject to expert subjective judgement. The evaluation method of heating energy consumption provides 
comparably objective judgment and evaluation ,and may be beneficial to putting forward the corresponding energy efficiency 
improvements. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CCHVAC 2015. 
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1. Introduction 
Heating energy consumption of rural buildings in China has the following characteristics: diversity of heating 
energy species, heating mode closely related to life style, different combination of heating and combustion 
equipment and so onˈwhich increase the difficulty of in - depth research and analysis. Thus reasonable and 
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objective evaluation of residential heating energy consumption is extremely difficult. It has been necessary to select 
the appropriate factors and indicators to comprehensively evaluate and reflect the real level of residential heating 
energy consumption through the scientific method. The objective judgment and analysis on heating energy 
consumption of residential building has important significance for improving the development of rural building 
energy saving.  
There are many evaluation and research methods on urban heating energy consumption[1][2], however application 
on the rural heating energy consumption is very seldom. Research on heating energy evaluation of rural residential 
buildings in China cold zone is particularly necessary.  
To calculate and analyze the heating energy consumption is to determine the key factors and the weight 
coefficient of factors At present, there are weight coefficient methods as following: expert scoring method, survey 
method, sequence synthesis method, equation method, mathematical statistics method, analytic hierarchy process 
˄AHP˅ and complexity analysis. AHPˈsolving multi-objective decision analysis methodˈis the combination of 
qualitative and quantitative analysis of complex problems. The advantages of AHP analysis method are systematic 
and practical. The disadvantages are less quantitative data and qualitative composition, which is not easy to be 
convincing. Reasonably quantify the qualitative factors is to play the advantages of AHP and overcome its 
shortcomingsˈwhich will make the improved analytic hierarchy process to a wide range of applications. 
2. Method  
The improved AHP is very suitable for residential heating energy consumption .The weight coefficient of 
indicators and factors are determined by reasonable structuring the comparison judgment matrix with statistical 
correlation analysis of strength calculation results.  
Key factors that affect heating energy consumption are selected according to the variance analysis of the existing 
residential building heating energy consumption statistical results by the software SPSS [3]. The omega square 
coefficient˄ω2˅ˈthe strength of association ˈ has been applied to estimate the strength relationship between the 
dependent and the independent variables in statistics The determination of key factors depends on the value of ω2 
with mean difference test statistics methodˈand the consideration of future residential heating energy development. 
Key factors are grouped into five indicators.  
By using the AHP method ˈ evaluating the heating energy consumption, can be roughly divided into the 
following four steps: establishing the hierarchical structure model, constructing judgment matrix, calculation, and 
consistency test. The  energy consumption evaluation hierarchy model˄HE→HEi→HEFj˅ is as shown in Table 1 
The weight coefficients Kj and KHEi can be derived according to judgment matrix by the improved AHP method. 
 
3. Discussion 
3.1. Two-stage evaluation index system 
The statistical and regression analysis results based on 200 questionnaire survey samples can be used to explain 
differences in residential heating energy use. The study results suggest that the key factors in three levels affecting 
the energy consumption of heating residential building have statistical significance to analyze the heating energy 
consumption. Consequently, heating energy consumption index ˄HE˅can be evaluated by heating energy 
consumption indicators˄HEi iˈ=1ü5)and heating energy consumption factors ˄ HEFjˈj=1ü20˅. 
3.2. Determination of Key factors Tables 
Therefore, the five indicators containing 20 key factors affecting rural residential heating energy consumption 
were divided into three grades(ƾ, ƾƾ,ƾƾƾ ) as star system description ,as shown in Table 1.  
 Table 1. Residential heating energy consumption factors and indicators. 
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Item Indicator 
HEi 
Key Factor 
HEFj 
Grade  meaning of  HEFj 
 
Star 
value of 
HEFj  
HE HE1 
Basic information of 
building  
 
HEF1 
HDD of residential zone 
HDD<3800ć .d ƾ 
3800ć .d≤HDD≤5000ć .d ƾƾ 
HDD>5000ć .d ƾƾƾ 
HEF2  
Family 
population 
Population <3 ƾ 
3≤Population≤5 ƾƾ 
Population >5 ƾƾƾ 
 
HEF3  
Heating area 
Heating area <40 m2 ƾ 
40 m2≤Heating area≤80m2 ƾƾ 
Heating area >80 m2 ƾƾƾ 
HEF4  
Economic income level  
Low ƾ 
Medium ƾƾ 
High ƾƾƾ 
HE2 
Building thermal 
performance   
 
HEF5  
Northern window to wall 
ratio 
Ratio =0 ƾ 
Ratio <25% ƾƾ 
Ratio≥25% ƾƾƾ 
HEF6  
Building envelopes 
Double door and wall, roof and 
ground with insulation 
ƾ 
Double door or wall, roof and ground 
with insulation  ƾƾ 
None ƾƾƾ 
HEF7  
Shape coefficient  
Shape coefficient <0.5 ƾ 
0.5İShape coefficientİ0.75 ƾƾ 
Shape coefficient>0.75 ƾƾƾ 
HEF8  
Thermal protection and 
decoration  
Window with protection and 
decoration ƾ 
Window with protection or decoration ƾƾ 
None ƾƾƾ 
HE3 
Heating 
Energy systems  
 
HEF9  
Heating and cooking energy  
Less mixing  ƾ 
General mixing ƾƾ 
Most of cooking energy mixing with 
heating ƾƾƾ 
HEF10  
Heating energy use 
100% commodity energy ƾ 
Mixing  ƾƾ 
100% non-commodity energy ƾƾƾ 
HEF11  
Combustion equipment 
efficiency 
High efficiency and energy saving ƾ 
High efficiency or  energy saving ƾƾ 
None ƾƾƾ 
HEF12  
Heating equipment 
efficiency 
High efficiency and energy saving ƾ 
High efficiency or energy saving ƾƾ 
None ƾƾƾ 
HEF13  
Exhaustion or ventilation  
None ƾ 
Not commonly used ƾƾ 
Common use ƾƾƾ 
HE4 
Indoor Environment 
HEF14 
Winter indoor average 
temperature. 
Average temperature <11ć  ƾ 
11ć≤Average temperature≤14ć  ƾƾ 
Average temperature >14ć  ƾƾƾ 
HEF15 
Thermal comfort 
Not comfortable ƾ 
Less comfortable ƾƾ 
Comfortable ƾƾƾ 
HEF16  None ƾ 
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Indoor ventilation and air 
circulation 
Less wind. ƾƾ 
Sense of wind ƾƾƾ 
HE5 
Occupancy behavior  HEF17 
Daily time spent at home 
Time < 8h ƾ 
8 h≤Time≤20h ƾƾ 
 Time >20h ƾƾƾ 
HEF18 
Heating duration of 
commodity energy  
 Duration < 4h ƾ 
4 h≤Duration≤8h ƾƾ 
 Duration >8h ƾƾƾ 
HEF19  
Heating duration of non-
commodity energy 
 Duration <0.5h ƾ 
0.5 h≤Duration ≤1h ƾƾ 
Duration >1h ƾƾƾ 
HEF20  
Renewable energy 
Yes ˈcommonly used ƾ 
Yesˈnot commonly used ƾƾ 
None ƾƾƾ 
 
3.3. Application of improved AHP Tables 
According to the energy consumption evaluation hierarchy model˄HE→HEi→HEFj˅,  key point of 
constructing judgment matrix is to provide the multiple comparison scale of factors and indicators. The traditional 
analytical method of the derived matrix is a subjective decision process [4]. In the comparative importance of 
residential heating energy consumption factors, the multiple comparison scale is determined according to the results 
of energy consumption statistics.  
R is multiple correlation coefficient and R2ˈdetermination coefficientˈis the magnitude of factors group 
explaining to heating energy consumption differences in the application of multiple linear regression model to 
analyze the heating energy. R2 is the base for judging the comparison importance of indicators(factors group). 
The principle to construct judgment matrix is to establish corresponding relationship between the multiple 
comparison scale and the ratio of  two R2values(β).The principle can also be used to construct judgment matrix for 
corresponding relationship between multiple comparison scale and the ratio of two ω2values(β). The principle is 
detailed in Table 2 [5]. 
Table 2  The principle of constructing judgment matrix 
β Comparison 
scale 
Meaning of multiple comparison 
1≤β≤1.2 1 same importance, 
1.2<β≤1.8 2 between 1 and 3 
1.8<β≤2.4 3 the former slightly heavier than the latter 
2.4<β≤3.0 4 between 3 and 5 
3.0<β 5 the latter slightly heavier than the former 
 
According to the principle of constructing judgment matrixˈthe judgment matrix A for indicators is as follows˖ 
 
1 2 3 4 5
1
2
3
4
5
HE HE HE HE HE
HE 1 3 5 2 1
HE 1/ 3 1 5 1/ 2 1/ 2
HE 1/ 5 1/ 5 1 1/ 5 1/ 5
HE 1/ 2 2 5 1 1
HE 1 2 5 1 1
A
ª º« »« »« » « »« »« »¬ ¼   
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138.5
259.0
330.1
226.0
167.0
47.0
238.0
142.0
728.0
326.0
698.1  ¹¸
·
©¨
§  O
 
According to the consistency test index CI=(λmax -n)/(n-1), λmax is the largest eigenvalue and n is the number of 
evaluation indicator. Random consistency index RI. value is shown in Table 3. 
 
Table 3  RI value 
N 1 2 3 4 5 6 7 8 9 10 11 
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 
 
 
In the definition of the consistency ratio, CR=CI/RI, while the consistency ratio CR=CI/RI<0.1, degree of 
consistency should be within the allowable range in general. The consistency test is as follows:  
035.0
15
5138.5  
 CI
ˈRI=1.12ˈ      
0.035
CR= 0.031<0.1
1.12
 
 
There is a satisfactory consistency, passing the consistency test. Matrix A can be normalized feature vector as the 
weighted vector, and it reconstructs the comparison matrix A. 
In the same way that the judgment Matrix B for factors  
1
1 2 1/ 4 1/ 2
1/ 2 1 1/ 5 1/ 2
4 5 1 2
2 2 1/ 2 1
B
ª º« »« » « »« »¬ ¼   
2
1 1/ 3 1 1/ 3
3 1 3 1
1 1/ 3 1 1/ 3
3 1 3 1
B
ª º« »« » « »« »¬ ¼   
3
1 2 2 2 4
1/ 2 1 1 1 2
1/ 2 1 1 1 2
1/ 2 1 1 1 2
1/ 4 1/ 2 1/ 2 1/ 2 1
B
ª º« »« »« » « »« »« »¬ ¼  
4
1 1 1/ 2
1 1 1/ 2
2 2 1
B
ª º« » « »« »¬ ¼  
5
1 5 2 5
1/ 5 1 2 5
1/ 2 1/ 2 1 5
1/ 5 1/ 5 1/ 5 1
B
ª º« »« » « »« »¬ ¼   
The eigenvalue summary of indicators is shown inTable4. 
Table 4 The eigenvalue summary of indicators  
Eigenvalue B1 B 2 B 3 B 4 B 5 
λ 4.048 4 5 3 4.405 
  
Accordingly there is a satisfactory consistency, passing the consistency test. 
»»
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3.4. weight coefficient  
The weight coefficient Kj and KHEi are shown in Table 5. 
 
58   Haiyan Wan Wang et al. /  Procedia Engineering  146 ( 2016 )  53 – 59 
Table 5 Weight coefficient summary of heating energy consumption 
Weight coefficient KHEi  of  HEi Weight coefficient Kj of HEFj 
KHE1 =0.326 K1=0.147ˈ K2=0.099ˈ K3=0.512ˈ K4=0.243 
KHE2 =0.142 K5=0.125,   K6=0.375,   K7=0.125,  K8=0.375 
KHE3 =0.047 K9=0.364ˈK10=0.182ˈ K11=0.182ˈ K12=0.182ˈK13=0.09 
KHE4 =0.226 K14=0.25ˈ K15=0.25ˈ K16=0.50 
KHE5 =0.259 K17=0.492ˈK18=0.238,  K19=0.211ˈ K20=0.059 
 
HE can be calculated according to the Table 1 and Table 5ˈwhich reflects the level of residential heating energy 
consumption. The Star value of HE lies in a range of 1ƾ~3ƾ. The bigger the value is, the higher the energy 
consumption level is.  
In addition heating energy consumption will be divided into 3 levels according to the HE value for qualitative 
analysis and evaluationˈcomparing with 200 survey samples of HE, shown as Table 6. 
Table 6     Evaluation level from calculated star value of HE  
               Calculated star value of  HE                              Evaluation level 
1ƾ<HE≤1.8ƾ low 
1.8ƾ<HE≤2.2ƾ medium 
2.2ƾ<HE≤3ƾ high 
 
 
4. Discussion 
The improved AHP method is correct though the evaluation results of HE are not entirely consistent with real 
level of 200 survey samples. The reasons are as fallows. HEFj grade grouping in statistic analysis disagreed with 
grade grouping in evaluationˈwhich can be improved by more detailed and accurate classification. The key factors 
and indicators may not totally be the same and the weight coefficients of factors and indicators will change with the 
other 200 survey samples of residential heating energy consumption. The determination of principle of judgment 
matrix need a great amount of data to train and test. 
The magnitude of weight coefficients reveals the corresponding energy efficiency improvements. For example ˈ
HE1 (Basic information of building) and HE5 (Occupancy behavior)may be focused on for energy saving. 
 
The future work will involve the determination of principle of judgment matrix for the purpose of more accurate 
weight coefficient of factors, which include the relationship between the multiple comparison scale and the ratio of β. 
Finally, the comprehensive extension and description of the statistical analysis sample beyond 200 could be more 
meaningful for future studies.   
 
5. Conclusions 
Two-stage evaluation index system for heating energy consumption was established , and the weight coefficients 
of each stage’s evaluation indicators were determined by constructing an improved evaluation and comparison 
matrix,which was based on ratios of the strength value of association between factors. The improved AHP 
method ,with application of statistical analysis results , may be used extensively for the purpose of prediction and 
evaluation of rural residential buildings heating energy consumption .  
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